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Abstract: This article examines the development of strain-specific sequence-characterized amplified region (SCAR) molecular
markers in two strains of Beauveria bassiana and Metarhizium anisopliae, as well as their use for tracking pathogens in coinfected
insect pests. The markers were designed based on the polymorphic introns of the large subunit region of the ribosomal DNA. These
markers were used to distinguish between two strains of Beauveria (B55 and B51) and two strains of Metarhizium (M20 and M48). The
entomopathogenic strains demonstrated synergistic increase in mortality against Spodoptera litura (Fabricius) (Lepidoptera: Noctuidae)
larvae when infected with the coformulated M. anisopliae strain M20 + B. bassiana strain B55, particularly at a 2:1 proportion of LC50
concentration. The study revealed a disparity between intergeneric and interstrain coformulations. In intergeneric coformulations, one
strain appeared predominant over the other strain at 1:2 and 1:4 proportions, both under in vivo and in vitro conditions. On the other
hand, in interstrain coformulations, both strains survived and formed heterokaryons. Molecular studies revealed that the heterokaryons
were unstable and reverted back to any one of the parent strains after 3 or 4 generations.
Key words: Coformulations, sequence-characterized amplified region markers, Spodoptera litura, synergistic effect

1. Introduction
Strains of Beauveria bassiana and Metarhizium anisopliae,
like those of other entomopathogenic fungi, differ in their
ecological fitness, specificity, and virulence (Butt, 2002;
Roberts and St. Leger, 2004; Rehner, 2005). One of the
limitations of fungi as biological control agents is that each
strain is usually efficacious within a narrow window of
climatic conditions (Inglis et al., 2001). Most growers have
to deal with pest complexes and would prefer using broadspectrum pesticides. Theoretically, this problem could be
partly rectified through the development of an appropriate
coformulation of two or more strains of fungi with
different host ranges and ecological fitness (Wang et al.,
2002). Leal-Bertioli et al. (2000) used molecular markers
to distinguish two coformulated strains of Metarhizium
anisopliae in assays against the mustard beetle, Phaedon
cochleariae, and found that one strain usually dominated.
There is a need for more coformulation studies to verify
whether the pathogen will work synergistically or with
wide host range and climatic conditions under which the
fungus will infect its host. Such studies could also help
to elucidate the conditions favoring recombination and
the potential risks of displacement of indigenous strains
by exotic entomogenous fungi (Kuklinsky et al., 2004).
* Correspondence: vpadmaja4@gmail.com
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Genetic recombination would not only make it difficult to
monitor exotic strains, but also the new genotypes could
have pathogenicity traits quite distinct from those of their
parents (Wang et al., 2002).
Molecular markers have been utilized to assess
genetic variation among strains of B. bassiana and M.
anisopliae, thereby providing means to identify strains
of interest. Useful polymorphisms for M. anisopliae and
B. bassiana strains were detected in the coding regions
of small and large subunits of nuclear ribosomal RNA
genes (SSU rDNA and LSU rDNA) as well as in intergenic
spacers, whereas the internal transcribed spacers were
extremely conserved among the M. anisopliae strains
tested (Mavridou et al., 2000; Pantou et al., 2003). rDNA
polymorphism has been attributed to small insertions/
deletions, multiple duplications, or, more generally, to the
presence of Group I introns (Mavridou et al., 2000). Group
I introns are autonomous genetic elements characterized
by their ability to ‘self-splice’, or to splice due to their
particular topology. These introns are found in eukaryotic
and bacterial domains (Cech, 1988; Damberger and Gutell,
1994). In entomopathogenic fungi, the first report of a
Group I intron was described by Neuvéglise and Brygoo
(1994) in Beauveria brongniartii.
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LSU amplification analysis was also utilized to generate
unique introns in PCR products or amplicons in fungal
strains of interest to be converted into species- or strainspecific sequence-characterized amplified region (SCAR)
markers (Schilling et al., 1996; Abbasi et al., 1999; Li et
al., 1999; Lecomte et al., 2000). SCAR markers differ
from other molecular markers in that SCAR primers are
designed based on known DNA sequences of the organism
under study. This allows for the development of sensitive
and diagnostic assays to amplify specific fungal DNA
in coinfected insect cadavers containing mixed DNA
because primers anneal specifically to fungal sequences.
The main objectives of this study are to find out the unique
introns present in the LSU region and the sequence of the
specific introns, in order to construct SCAR primers for
the selected four strains of B. bassiana and M. anisopliae,
and to evaluate the possibilities of coinfection and genetic
exchange among the four strains of B. bassiana and M.
anisopliae.
2. Materials and methods
2.1. Fungal strains
Two strains of B. bassiana (B55, B51) and two strains of
M. anisopliae (M20, M48) were selected from among a
collection of 30 from ARSEF-USDA and were maintained
in the lab. Single spore colonies were established for
each strain and cultured in Sabouraud dextrose agar
supplemented with yeast extract (SDAY) for 10 days at
room temperature (24 °C), and then stored at 4 °C until
further use.
2.2. In vitro studies of coformulated Beauveria and
Metarhizium strains
Liquid media were inoculated with 1:0, 0:1, 1:1, 2:1, 1:2,
4:1, and 1:4 proportions of B. bassiana and M. anisopliae
strains at LC50 concentration (lethal concentration for 50%
mortality of Spodoptera litura) (Ravi Sankar and Padmaja,
2014) to understand the growth patterns when incubated
at different proportions. LC50 concentrations were 3.6 ×
106, 6.88 × 106, 4.42 × 106, and 5.3 × 106 conidia/mL for
M20, M48, B55, and B51, respectively (Ravi Sankar, 2014).
SDAY broth was inoculated with 20 µL of inoculum.
Conical flasks were incubated in an orbital shaker at 120
rpm and DNA was extracted from 15-day-old mycelium.
2.3. In vivo studies of coformulated Beauveria bassiana
and Metarhizium anisopliae strains
Two strains of B. bassiana (B55 and B51) and two strains
of M. anisopliae (M20 and M48), developed as single spore
colonies, were maintained on SDAY. Preliminary in vitro
compatibility studies indicated that these two strains were
compatible and had similar growth rates on solid media.
Conidia were harvested from 14-day-old cultures and
suspended in 0.2% Tween 20. The spore concentration

of each strain was adjusted to its LC50 for mixing in the
desired ratios. Four intergeneric combinations, i.e. B55 +
M20, B55 + M48, M20 + B51, and M48 + B51, and two
interstrain coformulations, M20 + M48 and B55 + B51,
were applied to S. litura larvae at the second-instar stage.
For all six coformulations, a set of 7 experiments using
different proportions (1:0, 0:1, 1:1, 2:1, 1:2, 4:1, and 1:4) of
the two pathogens in a given formulation were examined
(Table 1). Briefly, each larva was treated with 100 µL of
conidial suspension and transferred to a surface-sterilized
plastic tub containing castor leaves. Twenty larvae were
used per treatment and the experiment was replicated
three times. Mortality was monitored daily and dead
insects were transferred to petri dishes containing moist
filter paper to encourage external conidiation. The entire
experiment was repeated twice.
2.4. Testing the stability of heterokaryons in the
successive generations
Conidia and mycelium from mycosed cadavers were
harvested for molecular analysis to learn the coinfection
pattern. Conidia were collected from the surface of
mycosed insect cadavers and inoculated on SDAY plates
at a concentration of 1 × 103 conidia/mL to obtain
single spore colonies. From the single spore colonies, six
successive subcultures were made for DNA studies to
understand the stability and success of the two strains used
in the formulation.
2.5. DNA extraction, PCR amplification, and sequencing
Fungal genomic DNA extraction for LSU rDNA
amplification and SCAR markers was performed from
blastospores grown in liquid medium following the
method of Möller et al. (1992) with slight modifications.
Protease K was eliminated from the lysis buffer,
β-mercaptoethanol was added at a final concentration of
0.1%, and cetyltrimethylammonium bromide (CTAB) was
also added. Incubation was performed at 65 °C for 30 min.
Samples were extracted three times with chloroform and
isoamyl alcohol (24:1). The DNA was centrifuged at 12,000
× g rpm for 20 min and the pellet was washed with 70%
ethanol, dried for several minutes, and resuspended in 100
µL of Tris-EDTA (TE) buffer.
The primers used for the amplification of the 3’-end of the
LSU rDNA region have been reported for the amplification
of this region in the genera Beauveria and Metarhizium
(Neuvéglise et al., 1997; Wang et al., 2003; Márquez et al.,
2006). Amplification of this rDNA region for the 4 strains
of M. anisopliae and B. bassiana was carried out with the
primer pair E24 (5’-GCTGAATTACCATTGCGGAG-3’)
and I29 (5’-TGCCCAGTGCTCTGAATGTC-3’) using the
Taq polymerase system (Bangalore Genei, India), following
the manufacturer’s instructions. PCR was performed in a
total volume of 50 µL containing 50 ng of genomic DNA,
200 µM of each dNTP, 1 U of DNA polymerase (Bangalore
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Genei), PCR buffer (75 mM, Tris-HCl, pH 9.0, 1.5 mM
MgCl2, and 0.1% Tween 20), and 0.50 µM concentrations
of each primer described above. The amplification included
an initial denaturing cycle of 5 min at 94 °C, followed by
40 cycles of 90 s at 94 °C, 150 s at 57 °C, and 3 min at 72
°C, with a final extension step of 10 min at 72 °C in a PTC
9600 DNA engine thermal cycler (MJ Research, Canada).
The PCR products were electrophoresed on 1% agarose
gels buffered with 1X TAE and stained with ethidium
bromide. A 100-bp Plus ladder molecular weight standard
(Bangalore Genei) was also used. The PCR products were
purified and sequences were obtained using an automated
ABI 377 Prism Sequencer with fluorescent terminators.
All PCR products were sequenced in both directions.
2.6. SCAR primer designing
The sequences were studied using BioEdit. The sequences
were compared with the original sequences in the NCBI
GenBank to find out the intron sequences present. Specific
primers were designed with intron sequences for the two
strains of B. bassiana and M. anisopliae with the help of
Primer3Web (Table 2).
The assay for standardization of SCAR markers includes
the method of gradient concentration from 0.1 µM to
1.0 µM and maximum amplification at 0.5 µM, thereby
suggesting that the amplification was specific and sensitive
towards the particular SCAR primers. Furthermore, the
specific band was sequenced, and after obtaining 100%
homology with the original sequence, the molecular study
of the present paper was performed.
2.7. DNA amplification using SCAR primers
The four sets of distinctive SCAR molecular markers were
used to discriminate between strains in in vitro as well
as in vivo experiments. The reaction mixture contained
200 µM of each dNTP, 0.5 µM of each primer, 1 U of

DNA polymerase (Bangalore Genei), and 50 ng of DNA
template in PCR buffer (75 mM, Tris-HCl, pH 9.0, 1.5 mM
MgCl2, and 0.1% Tween 20). The cycling parameters were
programmed in a PTC 9600 DNA engine thermal cycler
(MJ Research) as follows: initial denaturation for 5 min at
94 °C was followed by 40 cycles of denaturation for 90 s at
94 °C; annealing for 105 s at 50 °C for M20 and M48, 51 °C
for B51, and 52 °C for B55; and extension for 1 min at 72
°C with a final extension for 5 min at 72 °C.
3. Results
3.1. In vivo coinfection of B. bassiana and M. anisopliae
in different proportions against S. litura larvae
At LC50 concentration in a 2:1 proportion of B55 and M20,
the percent mortality of S. litura larvae sprayed with the
coformulated conidia was significantly increased (P ≤
0.01, Table 1) compared to the single application for B55/
M20. Percent mortality values of the single application
were 70% and 71% for M20 and B55, respectively.
On the other hand, for the treatment with 2:1 and 1:1
proportions, the mortality values were 92% and 89%,
respectively, suggesting effectiveness of the treatment with
B55 + M20 in the given proportions. B55 in combination
with M20 or M48 showed maximum mortality in 2:1
and 4:1 proportions, but not in 1:2 and 1:4 proportions.
This suggests that the increase in the proportions of B55
inoculum was associated with increase in mortality. In
other words, increase in the proportion of M20 or M48
in 1:2 and 1:4 proportions did not show any increase in
mortality.
3.2. Molecular characterization of B. bassiana and M.
anisopliae strains using LSU rDNA sequences
DNA fragments from LSU rDNA genes of B. bassiana
and M. anisopliae strains were amplified with primers I29

Table 1. Percent mortality values of coinfection at LC50 concentrations.

S.
no.

Proportions of
the pathogen

Percent mortality
Intergeneric combinations
B55:M20

Interstrain combinations

B51:M20

1

1:0

71.3 ± 3.03 *

70.3 ± 3.11

2

0:1

69.9 ± 1.09c

3

1:1

4

B55:M48

B51:M48

M20:M48

B55:B51

71.3 ± 2.90

70.3 ± 3.77

69.9 ± 1.09

71.3 ± 3.03b

69.9 ± 3.75b

65.1 ± 4.19c

65.1 ± 2.57c

65.1 ± 4.19c

70.3 ± 3.11b

89.3 ± 4.11a

87.3 ± 3.92a

81.3 ± 4.22b

79.7 ± 2.19a

80.1 ± 3.19a

82.6 ± 2.81a

2:1

92.2 ± 3.92a

89.5 ± 1.95a

87.2 ± 3.79a

81.3 ± 3.71a

85.9 ± 3.06a

84.9 ± 1.90a

5

1:2

71.5 ± 1.66c

72.3 ± 4.29b

79.3 ± 1.79b

75.8 ± 4.71b

80.9 ± 1.09a

75.2 ± 2.16b

6

4:1

76.3 ± 4.32b

71.1 ± 2.58b

83.5 ± 2.19a

80.2 ± 3.38a

71.7 ± 1.09b

80.7 ± 2.90a

7

1:4

65.5 ± 1.83c

85.5 ± 2.60a

68.3 ± 2.79c

69.8 ± 2.91b

66.3 ± 1.33c

70.3 ± 1.89b

c

b

c

b

c

*Means followed by the same letter in a column are not significantly different for individual combinations by Tukey test (P £ 0.01).

636

UMMIDI and VADLAMANI / Turk J Biol
and E24. The PCR products were purified, sequenced,
and deposited in GenBank with accession numbers M48KJ701417, M20-KJ701418, B55-KJ701419, and B51KJ701420. The sequences were classified according to
whether multiple insertion sequences might be responsible
for the length diversity in this region. The intronless LSU
sequence size was 822 bp. Sequence analysis revealed that
M48 had no introns, whereas M20 had 2 introns of 375
and 341 bp in length at positions 75 and 597, respectively.
B51 had introns at positions 1, 75, and 219, whose lengths
were 230, 520, and 358 bp, respectively. B55 had three
introns at positions 75, 219, and 680, and the lengths of
the introns were 519, 358, and 560, respectively. Based on
the variation of the positions and the lengths of the introns
in the 4 strains, 4 sets of SCAR markers were developed
(Table 2).
3.3. Molecular characterization of Metarhizium and
Beauveria strains with SCAR markers
PCR amplification with SCAR primers displayed bands of
1170, 350, 1500, and 700 bp for M20, M48, B55, and B51,
respectively. The clear-cut distinction in the bands of these
4 strains enabled the use of the sequences for tracking the
strains in both in vivo and in vitro coformulation studies.
3.4. Molecular analyses of coformulated strains in vitro
by using SCAR markers
Both intergeneric and interstrain coformulations were used
for understanding the effectiveness of the combinations for
in vitro and in vivo studies. The intergeneric combinations
tested were B55 + M20, B55 + M48, B51 + M20, and B51 +
M48. The two interstrain coformulations tested were M20
+ M48 and B55 + B51. B55 appeared to have predominated
based on the amplification pattern using SCAR primers.
However, at a 1:4 ratio of B55 + M20, only the strainspecific band for M20 prevailed (Figure 1a). On the
other hand, the strain-specific bands of the same strains,
when coformulated at 4:1, both showed intensities that

corresponded to the proportions of the two components in
the coinfection. In the other proportions, i.e. 1:1, 1:2, and
2:1, both B55 and M20 were expressed. Their pixel values
showed inconsistent correspondence to the proportion of
the input conidia used for mixed infection (Table 3). In
the M20 + B51 combination at 1:1 proportion, B51 was
not expressed at all; however, in 1:4 proportion, the SCAR
markers of both the genera prevailed (Figure 1b). In the
case of B55 + M48, only the B55 band appeared, except in
2:1, 1:2, and 4:1 proportions (Figure 1c). In the case of B51
+ M48, both bands were present only in 1:1, 1:2, and 1:4
proportions (Figure 1d). In the case of the two interstrain
combinations involving two strains of the same genus, i.e.
M20 + M48 and B55 + B51, both bands were observed in
all concentrations except for the 1:4 proportion, depicting
the band intensity corresponding to the input inoculum.
However, at 1:1, 2:1, and 1:2 M48 and B51, only meager
bands were formed (Figures 1e and 1f). This phenomenon
reveals persistence and growth in both organisms in
intergeneric as well as interstrain combinations.
3.5. Molecular analyses of coformulated strains in vivo
by using SCAR markers
In B55 + M20 coinfection, B. bassiana and M. anisopliae
showed band intensity corresponding to the proportion
of inocula (Table 4). At 1:4 proportion, the B55 band was
completely absent, whereas at 4:1 concentration the SCAR
markers of both B55 and M20 appeared, although the
former was more intense than the latter (Figure 2a). In the
remaining intergeneric coinfection, i.e. B55 + M48, B51 +
M48, and M20 + B51 at 1:4 proportion only, both bands
were present, whereas at 1:1, 2:1, 1:2, and 4:1 proportions,
either M20 or B55 were expressed, but not both (Figures
2b–2d). It appears that B51 and B55 grew in the infected
insects rather than M48. In the case of the interstrain
combination of M20 + M48 at 4:1 proportion, only the
M20 band appeared, whereas at 2:1, the M48 marker

Table 2. Sequences of SCAR primers designed from LSU rDNA regions for Beauveria and Metarhizium isolates.
S. no.

Name

Primer sequence

Annealing
temperature (°C)

PCR product
length (bp)

1

M20 forward
M20 reverse

5’-CCCAGTGCTCTGAATGTCAA-3’
5’-ACACCTTTCCGCGCTCTAC-3’

50

1170

2

M48 forward
M48 reverse

5’-GACTCTCTTAAGGTAGCCAAATGCC-3’
5’-AAACTCCCCACCTGACAATG-3’

50

350

3

B55 forward
B55 reverse

5’-AGCCAAGCCCTAAGTTTGGT-3’
5’-ATTGGTCACAACCCACACCT-3’

52

1500

4

B51 forward
B51 reverse

5’-GATGGCCAGAAAGTGGTGTT-3’
5’-TAGGGACAGTGGGAATCTCG-3’

51

700
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M

1

2

3

4

5

6

7

M 1

2

3

4

1500 bp

5

6

7
1170 bp

1170 bp

700 bp

A

1500 bp

B

700 bp
350 bp

C

350 bp

D
1170 bp

1500 bp
700 bp

350 bp

E

F

Figure 1. PCR profiles showing SCAR banding patterns of a) B55 + M20, b) M20 + B51, c) B55 + M48, d) B51 + M48, e) M20 + M48,
and f) B55 + B51 combinations using specific primers grown on SDAY broth. Lane M: 100-bp Plus ladder molecular weight standard;
lane 1: B55; lane 2: M20; lane 3: B55, M20 in 1:1 ratio; lane 4: B55, M20 in 2:1 ratio; lane 5: B55, M20 in 1:2 ratio; lane 6: B55, M20 in
4:1 ratio; lane 7: B55, M20 in 1:4 ratio.

appeared very faintly. In the remaining proportions, the
characteristic SCAR markers of both strains prevailed.
The pattern was more or less the same in B55 + B51
combinations as well, where B55 predominated (Figures
2e and 2f). In this respect, the observed in vivo banding
pattern differed prominently from the corresponding
pattern of in vitro experiments. The two coinfection
patterns pertaining to the interstrain treatment revealed
SCAR banding patterns in the six successive generations.
From the third generation onwards, one strain appeared to
be disappearing (Figure 3).
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4. Discussion
In coinfection with B55 + M20, observed insect mortality
was more than the sum of the expected individual
mortalities of the two genera, suggesting a synergistic
effect. The tracking of the two genera using SCAR markers
in the infected insects revealed the presence of both
organisms at a specific proportion of 2:1. This confirms
the molecular evidence for a combined performance of
both strains in the manifestation of a synergistic effect on
insect mortality. Lack of enhancement in mortality of the
treated insects at 1:4 proportion may be due to the lack of a
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Table 3. Band intensity in terms of pixel density values for intergeneric and interstrain combinations of Beauveria and Metarhizium
strains grown in SDAY broth.
Intergeneric combinations
B55 + M20

B51 + M20

B55 + M48

B51 + M48

1:0

0:1

1:1

2:1

1:2

4:1

1:4

B55

184

-

130

199

63

164

-

M20

-

209

99

138

102

49

163

B 51

-

101

-

22

98

-

98

M20

103

-

100

114

102

104

35

B55

204

-

208

210

227

181

150

M48

-

185

-

98

51

-

194

B51

130

-

125

121

126

130

90

M48

-

135

88

-

90

-

110

M20

87

-

105

13

121

118

32

M48

-

107

32

33

28

47

102

B55

146

-

116

118

134

150

45

B51

-

122

36

20

57

5

129

Interstrain combinations
M20 + M48

B55 + B51

Table 4. Band intensity in terms of pixel density values for intergeneric and interstrain combinations of Beauveria and Metarhizium
mycelium from a coinfected cadaver.
Intergeneric combinations
B55 + M20

B51 + M20

B55 + M48

B51 + M48

1:0

0:1

1:1

2:1

1:2

4:1

1:4

B55

234

-

281

208

222

193

-

M20

-

194

178

129

163

119

236

B51

-

191

-

-

-

-

168

M20

214

-

172

826

121

157

91

B55

108

-

970

103

125

119

114

M48

-

104

-

-

-

-

110

156

-

162

167

140

170

56

156

170

-

-

50

-

149

-

M20

82

-

88

69

68

63

13

M48

-

86

58

10

59

-

92

B55

286

-

214

149

138

251

121

B51

-

174

184

17

208

-

159

Interstrain combinations
M20 + M48

B55 + B51
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M

1

2

3

4

5

6

7

M

1

2

3

4

1500 bp

5

6

7
1170 bp

1170 bp

700 bp

B

A
1500 bp

700 bp
350 bp

350 bp

C

D
1170 bp

1500 bp
700 bp

350 bp

E

F

Figure 2. PCR profiles showing SCAR banding patterns of a) B55 + M20, b) M20 + B51, c) B55 + M48, d) B51 + M48, e) M20 + M48,
and f) B55 + B51 combinations of mycelium from coinfected cadaver using specific primers. Lane M: 100-bp Plus ladder molecular
weight standard; lane 1: B55; lane 2: M20; lane 3: B55, M20 in 1:1 ratio; lane 4: B55, M20 in 2:1 ratio; lane 5: B55, M20 in 1:2 ratio; lane
6: B55, M20 in 4:1 ratio; lane 7: B55, M20 in 1:4 ratio.

contribution of one of the two strains in the combination,
which was evident from the absence of a SCAR marker.
Large subunit introns of rDNA with respect to the
Beauveria and Metarhizium strains of the present study
generated a high degree of polymorphism, enabling
the development of strain-specific SCAR markers. On
the other hand, based on information about Group I
introns present in the LSU rDNA of entomopathogenic
fungi, phylogenetic relationships were understood in B.
brongniartii (Neuvéglise and Brygoo, 1994) and in M.
anisopliae (Mavridou et al., 2000; Nikoh and Fukatsu,
2000; Pantou et al., 2003).
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The intergeneric coinfection of B55 + M20 enhanced
mortality against S. litura compared to individual
treatment values. Persistence of both strains in the treated
insects was evident from the SCAR banding pattern. The
LC50 conidial concentration of the two strains used in the
coinfection must have minimized competition between
the conidia of the two strains during the infection process.
Under both in vivo and in vitro conditions, unique SCAR
markers of both the strains prevailed. On the other hand,
synergism appeared not to be evident with respect to the
combined effect of B. bassiana strains against Galleria
mellonella (Wang et al., 2002), two strains of M. anisopliae
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M

1

2

3

4

5

1500 bp

6

7

8

9

10

11

12
700 bp

700 bp
350 bp

Figure 3. PCR profile showing SCAR banding pattern of subcultures of conidia from single spore colonies on SDAY from sporulated
cadaver. M: 100-bp Plus ladder molecular weight standard; lanes 1–6: six subcultures of B55, B51 combination at 1:1 ratio; Lanes 7–12:
six subcultures of M20, M48 combination at 1:1 ratio.

against Anopheles gambiae (Mnyone et al., 2009), and
Beauveria and Nomuraea rileyi against S. litura larvae (Uma
Maheswara Rao et al., 2006). However, in the intergeneric
combinations of B55 + M48, B51 + M20, and B51 + M48
in the present study, only one strain predominated under
in vivo conditions, but not in the corresponding in vitro
experiments. This suggests that both pathogens probably
grew on the synthetic medium rather than in the insect
hemocoel, where other biochemical factors prevail.
The combination of the two virulent strains (B55 +
M20) demonstrated a synergistic effect. Molecular studies
confirmed the persistence of both strains, suggesting a role
for both in the synergistic effect of mortalities against S.
litura. On the other hand, with respect to combinations
(B55 + M48, B51 + M20 and B51 + M48) where one of the
strains belonged to a less virulent category (B51 and M48),
no synergistic effect was shown. Furthermore, the less
virulent strain failed to compete with the more virulent
strain of the combination, as supported by molecular
studies (Figure 2).
Conidia isolated from cadavers of S. litura coinfected
with interstrain combinations (B55 + B51 and M20 + M48)
in the successive subculturing revealed loss of one of the
parental genomes. Following the anastomosis of hyphae of
the two strains, nuclei might have been exchanged, but this
was not followed by karyogamy; hence, there was no genetic
recombination. In the subsequent divisions, loss of genomic
material of one of the strains led to loss of the corresponding
SCAR marker of that strain. On the other hand, in vitro

studies by Bello and Paccola-Meirelles (1998) showed a
parasexual recombination of auxotrophic and fungicideresistant mutants of Beauveria, which usually resulted in one
strain dominating. No stable diploids were reported.
The SCAR markers of the present study can be of use
for tracking the marked strains under field conditions.
Coformulation studies have shown that the more virulent
strain can displace a less competitive strain. Inundation
of crops with exotic entomogenous fungi may lead to the
displacement of naturally occurring strains, especially
if they occur on a small scale. In addition, parasexual
recombination with indigenous strains may result in
heterokaryons with altered virulence and specificity,
subsequently affecting nontarget insect populations and
biodiversity. The bioinsecticidal fungal formulations
of the present study are environmentally safe. The
synergistic effect could be manifested in the combination
treatment; therefore, no environmental threat was evident.
SCAR markers enabled the detection of the fate of the
formulations and their stability after application, paving
the way for taking remedial measures for safe insect pest
management practices.
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